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Introduction

Cercospora cryptomeriae Suiral described by Kitanma (1916)2® has been known as the
most virulent pathogen causing blight and canker of Cryptomeria japonica D. Don (IT6 et al.
195210, 19541%, I16 1953!¥).

Since 1950, a distinctive blight of Sequoia gigantea (LinpL.) DecaisNe [Sequoiadendron
giganteum (LinpL.) Bucauorz] has been observed by the present authors in many forestry
nurseries in Japan. Symptoms on Sequoia gigantea are very similar to those on Cryptomeria
japonica. The causal fungus of the blight of Sequoiz was experimentally identified as Cerco-
spora cryptomeriae Smirar (ITO et al. 1958)™%.

Judging from the description in literature, Cercospora cryptomeriae Suirar morphologically
closely resembles Cercospora sequoize Erris et Ev. (1887)% described in North America as
a fungus inhabiting Sequoia gigantea, and, accordingly, Ité et al. (1958)'% suggested that
these two fungi might be the same species.

Examinations were made of ErLis and Everuart’s type specimen of Cercospora sequoiae
on Sequoia gigantea and other specimens of the same fungus on Cupressus arizonica kindly
sent by Dr. C. S. Hopges. With cultures of the fungus supplied by him, inoculation experi-
ments were carried out on Japanese conifers.

This paper presents a comparative study between Cercospora cryptomeriae Suiral in Japan
and C. sequoige Erris et Ev. in America. A part of the study was preliminarily reported
by It6 et al. (1958)' and It6 (1965)'%.

The authors wish to express their sincere appreciation to Dr. C. S. Hopces, of Forestry
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paration of illustrations.
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Blight and canker of Cryptomeria japonica, and the
causal fungus, Cercospora cryptomeriae SHIRAI

Blight of seedlings

Blight of Cryptomeria-seedlings which has been well known among Japanese foresters
and plant pathologists under the name of “Aka-gare-by6”*! is the most important disease
of Japanese forest trees. In about 1910, the disease was first observed in Ibaraki Prefec-
ture, the central part of Honshu, the main island of Japan, and it spread with such alarm-
ing rapidity that by 1921 it was serious in many portions of Honshu, Shikoku and Kyushu
Ir6  1965)19,

The disease works in both seedling and transplant beds. Moist seasons favor it. The
disease usually becomes epidemic, often destroying the entire bed. Seedlings younger than
2 years old are killed in a single season when the disease is epidemic. The appearance of
the diseased seedling is like that of seedlings killed by drought (Plates 1~2).

It is generally said that, unless protective measures are taken, almost all of the seedl-
ings become severely affected by the disease in those nurseries where it is prevalent. The
standard practice in combating it is to use copper fungicides in the form of a spray; to
date, Bordeaux mixture has proven the most effective and economical. Spraying with
chemicals should be combined with sanitary practices for best results. Where the blight
is well established a regular spray schedule with the fungicide is essential to production of
Cryptomeria-seedlings (Nouara & Zinno 1952)%%,

The cause of the disease was first studied by Kawamura (1913)!% who attributed it to
a new species of the genus Phyllosticta (Phoma) without any artificial inoculation, and named
it Phyllosticta (Phoma) cryptomeriae Kawamura. The same opinion was published by Kasar
(1914, Two years later, Kitanma (1916)2®, however, described Cercospora cryptomeriae
Suira1 as another pathogen of the disease. Since then, several papers have been published
on the cause of the blight. Boxura (1917)V reported that Pestalotia shiraiana P. HeEnniNgs had
to be treated as one of the causal fungi of the disease, but he did not indicate any experi-
mental proof. Macrophoma sugi Hara was also added by Hara (1923)% as one of the causes
of the disease.

The true nature of the disease was not established until It6 et al. in 1952!V, made
complete inoculation experiments with many fungi containing Phyllosticta (Phoma) cryptomeriae
KawaMmura, Pestalotia shivaiana P. Hennines and Macrophoma sugi Hara, and proved beyond
doubt that this disease was mainly caused by Cercospora cryptomeriae SHIRAL

Canker of adult trees

Sunken cankers on trunks of Cryptomeria japonica in plantations were first discovered
by Krranma (192720, 1928%2"), who named it “Mizo-gusare-by6”*2, He observed clamp con-
nections in the mycelium of a parasite in the rotted wood, and therefore erroneously as-
sumed the cause to be an unknown Basidiomycete. Several years later, Kitanima (1933)2%,
however, expressed no opinion as to the cause of the canker. The true cause of the disease

*1 The Japanese word “aka” means red; “gare”, blight; and “by6”, disease in English,

respectively.
*#2 Japanese word “mizo” means trench-like; “gusare”, rot; “by6”, disease in English, res-

pectively.
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remained unknown for many years until IT6, in 1953!%, proved that the disease of trunks
was initiated from the necrotic lesion on main stems produced by Cercospora cryptomeriae
Suiral in the seedling stage (Plate 2, D).

The fungus that kills needles and branchlets attacks also young stems of seedlings, and
makes necrotic lesions or cankers. Main stem cankers on seedlings are usually perennial,
and develop to sunken cankers on trunks of adult trees by the active functions of the fungus,
year after year. Most cankered trees are infected by wood-decaying fungi entering through
the cankers so that even if the trees live to reach merchantable size, the boles will be
worthless (Plate 3).

Cercospora cryptomeriae SHIRAI

Cercospora cryptomeriae Suiral was first described by Kitanma (1916)%2® as one of the
causal fungi of the blight of Cryptomeria-seedlings as follows:

Cercospora cryptomeriae Suirar in Kitanma, K. (1916). Bot. Mag. (Tokyo) 30, 411~414.
semi nomen nudum

Conidiophores dark brown, paler and more narrow toward the tip, sparingly septate,
not branched, straight or slightly curved, tip rounded or acute bluntly; conidia olivaceus,
helminthoid, slightly curved or rarely straight, very granulous, 4~6 septate, base large, tip
slender, 6~7 X 66~70p.

Host: Seedlings of Cryptomeria japonica D. Don

Sawapa (1928)%%, who studied by the material collected in Taiwan (Formosa), indicated
in his description of the fungus that the conidia were echinulated.

The following description of this fungus was made by It6 et al. (1952)!":

Fruiting amphigenous; stromata semi-spherical, dark brown, covered densely with fasci-
cles; conidiophores light yellowish brown, straight or slightly curved, not branched, 1~2
septate, 4~6X40~80u; conidia light yellwish brown to olivaceous, clavate or cylindric,
straightly to mildly curved, echinulate, 3~7 septate, end rounded, frequently constricted
slightly at septum, 5~9X30~85x (Plate 6, Text-fig. 1).

Inoculation experiments with Cercospora cryptomeriae Suirar were made by the authors
to the following conifers: Abies veitchii, Larix leptolepis, Picea hondoensis, Pinus bicolor var.
acicularis, P. caribaea, P. echinata, P. rvadiata, P. strobus, P. taeda, P. thunbergii, Crypto-
meria japonica, Sequoia sempervirens*, Chamaecyparis obtusa and Thujopsis dolabrata.

Results showed that all of the tree species tested except Cryptomeria japonica could not

be infected by the fungus.

Blight of Sequoia gigantea seedlings and its causal fungus

Symptoms and damage

The distinguishing symptom of the disease is a browning of the needles on the lowest
branchlets adjacent to the stem. Infection gradually progresses upward and outward.
Affected needles and branchlets, and lesions on stems turn bronze and necrotic. Later, the
diseased seedlings become grayish-brown and are severely defoliated. The symptoms and
effects of the disease are so striking that the diseased plants attract attention from a dis-
tance. Almost all of the young trees are usually killed by the disease within a few years.

*1 Seedlings of Sequoia sempervirens are frequently attacked by Cercospora exosporioides
Busik, which is quite different from C. cryptomeriae Smirar (Hasammoro 1959)7.
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Table 1. Dimension of Cercospora cryptomeriae SnirA1 (z).

a. Conidium

. Number of
Host Locality and Length Width septum
date of collection | Range {Average} Range |Average| Range | Mode
Cryptomeria japonica l\AlIggur?i ;f,;’ kyo 30~66 | 47.7 5~6 5.7 3~5 3
do. Xi‘;{’ 2%“3}:;“ 39~85 | 57.9 | 5~9 6.3 | 2~7 5
Sequoiae gigantea ggg? ’ l’]é‘o,l%o 33~72| 53 3~6 4.5 3~7 5
ttak
do. TowE T Bi~es | 47 4~7 | 5.3 | 3~6 | 4
do. };al’}‘,ag}l“zsf okyo | 4273 s6 4~5 | 45 | 3~7 | 5
b. Conidiophore
Host Locality and date Length Width
of collection Range | Average | Range | Average
Sequoia gigantea S:g“l;r ?S%W 24~51 32 4~6 4.4
Kyowa, Akita* _ —
do. Jaly 13 '56 — 36
do. }:ﬁ‘;“‘glll",sf okyo 33~66 53 — 4.2

Note: * Measured by Mr. K. Saro.

The symptoms of blighted Sequoia-seedlings are very similar to those of the blight of
Cryptomeria-seedlings caused by Cercospora cryptomeriae Suirar (Plates 1, 4~5).

Nurserymen have been experiencing difficulty in establishing planting of Sequoia gigantea
in Japan. The difficulty is considered to be due primarily to this blight disease.

Morphologic characters of the causal fungus

The fungus associated with the blighted Sequoia-seedling closely resembls Cercospora
cryptomeriae Suiral in respect to the size, shape and color of the conidia and conidiophores.
As shown in Table 1 and Text-fig. 1, the fungus of Sequoia is indistinguishable morpholo-
gically from C. cryptomeriae SHIRAIL

Macroscopic appearances of the fungous colony

Three mono-conidial isolates from Sequoia gigantea and one mono-conidial isolate from
Cryptomeria japonica were cultured on potato-sucrose agar at 26°C. Hosts and localities of
these isolates are given in Table 2,

Colonies grow slowly, are at first pale yellowish green, and then elevated, dark green,
covered with white aerial mycelium in the central part. Macroscopic appearances of the
colonies of the fungus isolated from Sequoia gigantea are much accordant with those of the
fungus isolated from Cryptomeria-seedling.

Inoculation experiments

Experiment-1. Isolates from Sequoia gigantea and Cryptomeria japonica were respecti-
vely inoculated to potted' Cryptomeria-seedlings. As the fungi did not sporulate in culture,
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Text-fig. 1. Cercospora cryptomeriae Suirat (=C. sequoiae Erris et Ev.). (‘— =10x)
a~b, on Cryptomeria japonica, c, on Sequoia gigantea

Table 2. Hosts and localities of the isolates tested.

No. of isolate Host ‘: Locality
No. 1 Sequoia gigantea Seijo, Tokyo
No. 2 do. Tanashi, Tokyo
No. 3* do. Kyowa, Akita
No. 4 Cryptomeria japonica Usui, Gunma

Note: * Original isolation was made by Mr. K. Saro.

the inoculum was prepared by breaking the cultured mycelium in sterile distilled water,
then filtering its fragments through double sheets of cotton cloth. The fungous suspension
was sprayed on the 2-year-old seedlings, and bell jars on the pots were kept to maintain a
humid atmosphere with absorbent cotton containing water. The jars were removed after 2
days. Then, seedlings inoculated were placed under green-house conditions. Check plants
were similarly treated except that they were atomized with water instead of the fungous
suspension.

Twenty days after inoculation (June 19~July 9), brown discoloration, an incipient symp-

tom of the disease, began to appear on the needles, and then blight or necrosis, a typical
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Table 3. Cross inoculations with Cercospora cryptomeriae Suirax
to Cryptomeria japonica and Sequoia giganiea.

. Result of the experiment
Tree species No. Isolate used Number of [Number of
inoculated needles diseased |b/ax100(%)
inoculated(a) needles (b)
; Host: Cryptomeria japonica }’ggg gg é
3 Locality: Usui, Gunma 1;128 9 8
11 ] . .

(?ry » ?mena g Host: Sequoia gigantea }’ggg fig lg

Japomica 6 Locality: Seijo, Tokyo 1: 639 206 13

7 1,084 ] 0

8 Check 1,435 0 0

9 1,153 0 o]

é Host: Cryptomeria japonica ;gg :13;451 ig

3 Locality: Usui, Gunma 575 169 29

Sequoia g Host: Sequoia gigantea i'?{i ) 818 gg

gigantea p Locality: Seijo, Tokyo ! 670 ’ 58

390

7 1,249 0 0

8 Check 748 0 0

9 809 0 ]

symptom, was observed at the end of 1 month’s experiment. Conidiophores and conidia
typical of the Cercospora were formed on blighted needles and stems resulting from the
inoculation, whereas all the check seedlings remained healthy.

The symptoms produced by inoculation were typical of the disease as it occurred natu-
rally. There were no difference in pathogenicity between the isolate from Sequoiz and that
from Cryptomeria (Plate 5, C).

Experiment-2. Cross inoculations with the isolate from Cryptomeria and that from Sequoia
were performed by the same method as in the previous experiment to Cryptomeria- and
Sequoia-seedlings.

Results obtained at the end of the experiments (September 15~November 20) are sum-
marized in Table 3.

As shown in Table 3, these two isolates are equally pathogenic to Cryptomeria japonica
and Sequoia gigantea, and cause severe blight in both tree species. It will be seen from
Table 3 that the isolate from Sequoia is more virulent than that from Cryptomeria.

The fungus causing blight of Sequoia gigantea in Japan is quite accordant with Cercospora
cryptomeriae Suiral in morphologic characters, appearances of the mycelial colony and

pathogenicity as mentioned above.

Cercospora cryptomeriae Suirai and C. gigantea Eruis et Ev.

Description of Cercospora sequoiae*' ELLIS et Ev.
The fungus was first described by Eiris and Evernart (1887)% from foliage of Sequoia
gigantea collected at Germantown Nurseries, Pennsylvania, U. S. A. The original descrip-

*1 In Saccarpo’s (1892)%” Sylloge fungorum, the species name was spelled as sequoijae.
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tion was as follows: Forming large, compact, olivaceous tufts which, under the lens, resem-
ble the perithecia of a Sphaerella ; hyphae (under the microscope) ferruginous, brown,
abruptly bent, subnodulose and toothed, sparingly septate, 50~70X 4~5x, [conidia) oblong,
‘becoming obclavate, same color as the hyphae, 40~70X4~6y, 3~5 septate and some of

Table 4. Dimension of Cercospora sequoiae ErLis et Ev. measured
by the present authors.

Host Conidium Conidiophore
37~53X5~7p, 55~70X 5~84,
pale brown to olivish-brown, | pale brown to olivish-brown,
Sequoia gigantea* echinulate smooth in most parts, but
echinulate at the tip, usually
aseptate
42~63 X 5~7p, 27~78X4~5p,
Cupressus arizomica* pale brown to olivish-brown, | brown to olivish-brown,
echinulate echinulate at the tip, usually
aseptate

Notes: * Type specimen; ** collected in U.S. A. Both specimens were sent by Dr.
C.S. Hobess.

— Text-fig. 4.  Cercospora

Text-fig. 3. Cercospora sequoiae ELuis et Ev. var,

Text-fig. 2. Cercospora sequoiae sequoiae ErLris et Ev. on juniperi ELLis et Ev. on
ELuis et Ev. on Sequoia Cupressus arizonica col- Juniperus virginiana col-
gigantea (from type spe- lected in U.S. A, (‘— = lected in U.S. A, (—' =

cimen). (— =10z) 104) 104)
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them strongly constricted at the septa.

The feature that conidia of this fungus are echinulate was first found by Cuurr(1953)%
and again pointed out by Hopces (1962)® who examined the type specimen, though Evrris
and Everuart (1887)% apparently failed to note the echinulation, for they made no mention
of it in their description.

The morphology of Cercospora cryptomeria Suirat agrees well with the description for
Cercospora sequoiae Erris et Ev. And, therefore, IT6 ef al. (1958)'%’ reported that the blight
and canker fungus of Cryptomeria under the name of Cercospora cryptomeriae Suiral in Japan
might be identical with Cercospora sequoiae ErrLis et Ev., so far as could be judged from the
literature.

Comparison between Cercospora cryptomeriae SHIRAI and C. sequoiae ELLIS et

Ev. in morphology

With the materials collected both in North America and Japan, a direct comparison
between these two fungi was made by the present authors.

As shown in Text-figs. 1~3 and Tables 1, 4 there are no differences in morphologic
characteristics between Cercospora cryptomeriae Suirai and C. sequoize ELris et Ev.

Mycelial growth of Cercospora cryptomeriae SHIRAI and C. sequoiae ELLIS et

Ev. in culture media

One hundred cc. of each of the 5 kinds of the solution, viz.,, potato sucrose solution,
malt decoction, Czarex’s solution, Cryptomeria-needle decoction and Sarro’s soy solution were
poured into 200 cc. Erlenmyer flasks, and each solution was set up in quinplicate. After
sterilization they were inoculated with the fungous isolates, and were kept at about 25°C.
At the end of 45 days’ culture, the mycelial colonies were thoroughly washed with distilled
water and dried in the oven. The dry weight of the mycelium was measured and averaged
for 5 flasks. The fungous isolates used and the results of the experiment are presented in
Table 5.

As shown in Table 5, there are no remarkable differences in mycelial growth among
the isolates of Cercospora cryptomeriae Suirat and C. sequoiae Erris et Ev. On the contrary,
the mycelium of Cercospora sequoiae ELris et Ev. var. juniperi Erris et Ev. grows very
sparsely in all of the culture media tested (Plate 7).

Macroscopic appearances of the mycelial colonies of Cercospora sequoiae Erris et Ev.
are very similar to those of C. cryptomeriae Suirai. The culture of Cercospora sequoiae ELrLis
et Ev. var. juniperi ELLis et Ev. is distinctly different from those of these fungi.

Inoculations with Cercospora sequoiae ELLIS et EV. to some conifers

In 1963 and 1964, repeated inoculations with Cercospora sequoiae Erris et Ev. and C.
cryptomeriae Suira1 were carried out by the same procedures as in the previous experiments
to the following tree species: Cryptomeria japonica, Chamaecyparis obtusa, Ch. pisifera,
Cupressus sempervivens, and Thuja occidentalis. The fungous isolates used, tree species
inoculated and the results obtained are summarized in Tables 6~7.

From the results shown in Tables 6~7, it is clear that Cercospora cryptomeriae SHIRAI
is pathogenic to only Cryptomeria japonica, while C. sequoiae Eruis et Ev. affects Cryptomeria
japonica, Chamaecyparis pisifera and Ch. obtusa, so far as the tree species tested in these
experiments are concerned. Here, it many be said that host range of Cercospora sequoiae

EirLis et Ev. is larger than that of C. cryptomeriae SHIRAL
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Table 5. Mycelial growth of Cercospora cryptomeriae Suirai, C. sequoiae Erris et Ev.,
and C. sequoige Eirris et Ev. var. juniperi Eiiis et Ev. (g)

Culture medium

Fungus Isolate Potato Malt | Czarex’s Cryptomeria SarTo’s
SuCrose | gecoct. sol. needle soy sol.
sol. decoct.

Cercospora Host: Cryptomeria_
Eryptomeriae Japonica 0.61 | 0.97 0.12 0.16 1.29
=| Locality: Morioka,
Surat Iwate*
Host: Sequoia gigantea
_do. Locality: Kyowa, 0.60 17 0.18 0.11 112
- Akita*
Cercospora Host: Chamaecygaris
sequoiae pisifera | 54 | 143 | 0.17 0.16 0.93
- Locality: North
Evirs et Ev. Carolina, U. S. A, **
Host: Cupressus .
do. arizonica 0.60 | 0.60 0.22 0.12 1.44
Locality: South
Carolina, U.S. A, **
Host: Cupressus
do. | gnizonica 0.35 | 0.53 0.15 0.13 1.80
Locality: Louisiana,
. s 0**
Cercospora sequoiael Host: Cupressus
ELLis et Ev. var. arizonica
s e v 0.14 0.38 0.14 0.11 0.36
junezg egv EvL. Locality: Georgia,
- * U. S, A, **

Notes: * Isolated by Mr. K. Sato. ** Cultures were obtained from Dr. C.S. Hobces.

Table 6, Inoculation experiments with Cercospora sequoiae ELL. et Ev. to several conifers.

Expériment-1 (July 26, 1963~ DR

Isolate used Tree species inoculated |Symptom
Host: Chamaecyparis pisifera Cryj;tomeria Jjaponica +
Locality: Releigh, North Carolina, U.S.A.* Chamaecyparis obtusa -
Host: Cupressus arizonica Cryptomeria japonica +
Locality: St. George, South Carolina, U. S. A. * Chamaecyparis obtusa —
Experiment-2 (August 13, 1963~ ).

Cryptomeria japonica +
Host: Chamaecyparis pisifera Chamaecyparis pisifera -
Locality: Releigh, North Carolina, U.S.A.* Cupressus sempervivens —

Thuja occidentalis —

Cryptomeria japonica +

Host: Cupressus arizonica

Locality: St. George, South Carolina, U. S. A.*

Chamaecyparis pisifera
Cupressus sempervirens
Thuja occidentalis

Note: * Cultures were obtained from Dr. C. S. Hobces.
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Inoculation experiments with Cercospora cvyptomeriae SHIRAI
and C. sequoiae ELLis et Ev. to three Japanese conifers.

Experiment-1 (June 11, 1964~ b}

Result of the
. experiment
Fungus Isolate used Tree species Conidium
inoculated .
Symptom [formation
on lesion
Host: Cryptomeria japonica Cryptomeria_ japonica + +
. . Chamaecyparis pisifera — —
Locality: Morioka, Iwate* Y
Cercospora Chamaecyparis obtusa — —
cryptomeriae
Snrrar Host: Sequoia gigantea Cryptomeria japonica + +
Locality: Kyowa, Akita* Chamaecyparis pisifera - -
Chamaecyparis obtusa
Host: Cupressus arizonica Cryptomeria japonica + +
Locality: Bogalusa, . Chamaecyparis pisifera + +
it %
Louisiana, U.S.A. Chamaecyparis obtusa — —
Cercospora Host: Chamaecyparis pisifera Cryptomeria japonica + +
] ; . Locality: Releigh, North Chamaecyparis pisifera + +
sequoiae Eii Carolina: U. S, Ax* Ch .
et Ev. (Chamaecyparis obtusa - -
Host: Cupressus arizonica** ‘Cryptomeria Jjaponica + +
Locality: St. .George, Sou);cﬂl‘l Chamaecyparis pisifera + +
Carolina, U. 5. A. 'Chamaecyparis obtusa — —
Experiment-2 (July 22, 1964~ )
Host: Cryptomeria japonica Cryptomeria japonica + +
- . Chamaecyparis pisifera — —
%
Cercospora Locality: Morioka, Iwate ;
Chamaecyparis obtusa — —
cryptomeriae
SHIRAI Host: Sequoia gigantea Cryptomeria_ japonica + +
Locality: Kyowa, Akita* Chamaecyparis pisifera — —
Chamaecyparis obtusa — —
Host: Cupressus arizonica Cryptomeria japonica + +
Locality: Bogalusa, Chamaecyparis pisifera + +
isi E
Louisiana, U.S. A. Chmaecyparis obtusa — —
Cercospora Host: Chamaecyparis pisifera |Cryptomeria japonica + +
Sequoiae Locality: Releigh, North . Chamaecyparis pisifera + +
i *
ELL. et Ev. Carolina, U.S. A. Chamaecyparis obtusa - -
Host: Cupressus arizonica Cryptomeria japonica + +
Locality: St. George, . Chamaecyparis pisifera + +
South Carolina, U. S. A. Chamaecyparis obtusa + +
Notes: * Isolated by Mr. K. Sato. ** Cultures were obtained from Dr. C.S. Hobces.
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Text-fig. 5. Cercospora sequoiae Erris et Ev., which was originally isolated
from Cupressus arizonica in U.S.A. on Cryptomeria japonica
inoculated artificially in Japan. ("—' =10x)

Text-fig. 6. Cercospora sequoiae ErLis et Ev., which was originally isolated
from Cupressus arizonica in U.S.A. on Chamaecyparis obtusa
inoculated artificially in Japan. (— =10x)
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Table 8. Dimension of Cercospora sequoiae ErLrLis et Ev. on three Japanese
conifers inoculated artificially (u).

a. Conidium

. Number of
Tree species Length Width septum

Isolate used inoculated

Range|Average/RangeiAverage/ Range/ Mode

Host: ChamaecypariS
pisifera
Locality: North
Carolina, U.S. A, *

Chamaecyparis pisifera |46~73| 60.8 | 5~8 6.1 | 3~9 5

Host: Cupressus arizonica |Chamaecyparis pisifera [54~83| 64.5 | 5~7 5.6 | 4~7 5
Loc:;t(‘{‘lii:y:I.SoutllnJ S A Chamaecyparia obtusa |36~81| 57.7 | 5~6 5.2 | 2~5
arolina, LS. A. Cryptomeria japonica |[44~84| 59.1 | 5~6 5.2 | 3~6 5

b. Conidiophore

Length Width

Isolate used Tree species

inoculated Range |Average| Range |Average

Host: Chamaecyparis pisifera

Locality: North Carolina Chamaecyparis pisifera | 49~101| 71.5 — 5.2
U.S.A.*

Host: Cupressus arizonica Chamaecyparis pisifera | 46~96 | 68.4 — 5.2

Locality: South Carci}insa,A N Chamaecyparis obtusa 41~88 | 60.3 — 5.2

Cryptomeria japonica 59~101| 74.5 [4.7~5.2 4.9

Note: * Cultures were obtained from Dr. C.S. Hobces.

Fruit-bodies of the fungi formed on the inoculated trees are presented in Text-figs. 5~
6 and Table 8.

Consideration and conclusion

The most important fungus causing blight and canker of Cryptomeria japomica has been
known by the name of Cercospora cryptomeria Smrrar in Japan. Cuuep (1953%, p. 439), in
his monographic study, commented that “I have not seen this specimen (C. cryptomeriae
Suirar]. The width of the conidiophores and conidia might indicate that it were of some
other genus”.

From the morphologic characteristics and nature pathogenic to Sequoia gigantea, IT6:
et al. (1958)'® reported that Cercospora cryptomeriae Smirar described in Japan in 1916 was
indistinguishable from C. sequoigze Erris et Ev. from North America, so far as judging from
literature can be done.

Recently, Hopces (1962)®, in his comparative study of Cercosporae from some conifers,
treated Cercospora thujina Prakipas (1945)% as a synonym of Cercospora sequoige Evrris et
Ev., and, as hosts of this fungus, he noted the following tree species: Sequoia gigantea,
Thuja ovientalis, Cupressus arizonica, C. lustica, C. macrocarpa, C. sempervivens, Juniperus

virginiana, and Chamaecyparis pisifera.
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By a direct comparison of both Japanese and American materials it was revealed that
Cercospora cryptomeriae Suiral was morphologically very accordant with C. sequoize EirrLis et
Ev. In mpycelial colonies in several culture media there were no remarkable differences
between these two fungi.

Inoculations with the culture of Cercospora sequoiae Erris et Ev. from America showed
that the fungus caused blight of Cryptomeria japonica, and the symptoms were closely similar
‘to those resulting from Cercospora cryptomeriae Suirai. Though results of the inoculation
experiments conducted in Japan showed that the host range of Cercospora cryptomeriae
Surral was somewhat smaller than that of C. sequoize ErLis et Ev., the present authors can
not give this as a reason for separating the two fungi.

The foregoing facts lead to the conclusion that Cercospora cryptomeriae Smirat is synony-
‘mous with C. sequoiae ErLis et Ev. as follows:

Cercospora sequoiae ErLis et Evermart (1887)%
syn. Cercospora thujina PLaxipas (1945)%
syn. Cercospora cryptomeriae Suiral in Kitayima (1916)29

Some confusion has appeared in literature concerning the placement of this fungus in the
.genus Cercospora because of its echinulate conidia. Cuure (1953%, p. 440) described that this
fungus was not a species of Cercospora, and should be placed in the genus Heterosporium.

According to the Saccardian system (Saccarpo 1886)%® characteristics of cach of the
genera Cercospora and Heterosporium are as follows:

Cercospora Hyphae molliusculae, saepius biophilae; conidia vermicularia, levia.
Heterosporium Hyphae molliusculae, phyllo-caulogenae; conidia oblonga, echinulata.

While this fungus is more similar to Cercospora in shape of conidia, it is closer to
Heterosporium in echinulation in conidia, and is said to be intermediate between these two
genera (It ef al. 1958)'%, though Hucmes (1958)'® treated Heterosporium Krorz (1877)
as the same genus as Cladosporium Link (1815).

Under a new system of classification proposed by Hucues (1953)% for the Hyphomycetes
‘based on the method of conidial origin, this fungus was placed in the genus Cercospora by
Hopces (1962)®.

Echinulation in conidia is an extraordinary character in the member belonging to the
genus Cercospora (Cuupp 1953%, Karsukr 1965'®), and, therefore, taxonomic position of this
fungus will be discussed again in future. For the present, the authors follow Hopces’ (1962)%
opinion that “it is believed best to leave Cercospora sequoiae ------ in Cercospora until the limits
of the various genera are settled more satisfactorily”.

Whether the fungus is indigenous to Japan or was introduced from other countries is
an interesting and important problem from the standpoint of epidemiology.

As early as the eleventh century, Cryptomeria japonica was cultivated from seeds in some
parts of Japan. According to ancient manuscripts in the Tohoku district, the northeastern
part of the Japanese main island (Honshu), it is reliably reported that a great number of
Cryptomeria-seedlings have been cultured in many nurseries since the feudal age, the six-
teenth century (Enp6 1938)%. In the old literature, no records on the trouble suggesting this
disease have been found so far as the authors are aware.

Prior to the first description of “Cercospora cryptomeriae Suirar” in 1916 (Kiraymma 1916)20,
a blight of Cryptomeria-seedlings caused probably by this fungus occurred suddenly in a part
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of the main island of Japan in about 1910. Since that time, the disease spread very rapidly
and, within a few years it was widely distributed throughout almost all of the districts
where cultivated. In Taiwan (Formosa), the fungus which had been introduced probably
from Japan, accompanying Cryptomeria-seedlings, was first listed by Funkuro® in 1918. )

The fungus has never been found on Cryptomeria japonica in natural forests, and, here,
the hypothesis tuat the source of its propagation originated from natural forests must be
denied. Among native conifers Cryptomeria japonica is only one host of the fungus strain
distributed in Japan.

Incidentally, up to 1910 the Japanese Government had no legal authority to exclude
diseased propagating stocks, and it was only after the quarantine regulation of 1914 that
the policy of free entry of diseased plants really ended.

Such being the case, IT6 ef al. (1958)¥proposed preliminarily an opinion that the fungus
had been probably introduced from North America, accompanying seedlings or stocks of
American conifers, especially Sequoia gigantea, at about the beginning of this century. This
opinion was supported by the late Mr. Kanesuke Hara*!, who had studied forest pathology
and mycology in Japan since the beginning of this century.
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Explanation of plates

Plate 1
A. Two-year-old seedlings of Cryptomeria japonica attacked by “Cercospora cryptomeriae
Suirat” (=C. sequoiae ELLis et Ev.)
B. Cryptomeria-seedling attacked by “Cercospora cryptomeriae Suirai” (=C. sequoize ELLis
et Ev.)
C. Seedlings of Sequoia gigantea attacked by “Cercospora cryptomeriae Suirar” (=C. sequoiae
ELuis et Ev.)
D. Sequoia-seedling attacked by “Cercospora cryptomeriae Suirar” (=C. sequoiae Erris et Ev.)
Plate 2
A. One-year-old seedling attacked severely by “Cercospora cryptomeriae Suirar” (=C. sequoiae
Eius et Ev.) X1
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B. Blight of 3-year-old seedling of Cryptomeria japonica caused by “Cercospora cryptomeriae
Surra1” (=C. sequoize ErLris et Ev.) X1
«C. Needles of Cryptomeria japonica attacked by “Cercospora cryptomeriae Suirar’ (=C.
sequoiae ELLis et Ev.) X5
D. Necrotic lesion on main stem of Cryptomeria-seedling caused by “Cercospora cryptomeriae
Suirar” (=C. sequoiae Erris et Ev.) X1
Plate 3
A. Necrotic lesions on green stem of 7-year-old Cryptomeria caused by “Cercospora crypio-
meriae Suiral” (=C. sequoiae Erris et Ev.) X0.8
B. Cankers on trunk of 5-year-old Cryptomeria caused by “Cercospora cryptomeriae SHIRAT’
(=C. sequoiae ErLis et Ev.) X0.5
€. Cankers on trunks of about 17-year-old Cryptomeria caused by “Cercospora cryptomeriae
Surrar” (=C. sequoiae ELris et Ev.)
D. Cross section of cankered trunk of Cryptomeria caused by “Cercospora cryptomeriae
Surrar” (=C. sequoiae ELLis et Ev.)
Plate 4
A. Two-year-old seedlings of Sequoia gigantea attacked severely by “Cercospora cryptomeriae
Suirar” (=C. sequoiae ErLris et Ev.) in nursery
B. Seedlings of Sequoia gigantea attacked by “‘Cercospora cryptomeriae Suirai” (=C. sequoiae
Eiuis et Ev.) X0.8
C. Blight of Sequoia-seedling caused by “Cercospora cryptomeriae Surrar” (=C. sequoiae EvrLis
et Ev.) X1
Plate 5
A. Blighted needls and necrotic lesions on stem of Sequoig-seedling caused by “Cercospora
cryptomeriae Sumrat” (=C. sequoiae Erris et Ev.) x1.7
B. Needles of Sequoia-seedling attacked by “Cercospora cryptomeriae Suirai” (=C. sequoiae
ELuis et Ev.) X2.3
C. Results of the inoculation experiment with “Cercospora cryptomeriae Suirair” (=C.
sequoiae ErLis et Ev.) to Cryptomeria-seedlings.
From left to right: Check; with isolate from Sequoia gigantea; with isolate from
Cryptomeria japonica
Plate 6
Electron micrographs of conidia of “Cercospora cryptomeriae Suirar” (=C. sequoiae
Eiuis et Ev.) on needles of Cryptomeria-seedling. Showing echinulation in conidia.
A~C, x2,000; D, Xx5,000
Plate 7

Results of culture of “Cercospora cryptomeriae Suirar” (=C. sequoige ErLris et Ev.),
C. sequoiae Erris et Ev., and C. sequoiae ErrLis et Ev. var. juniperi ErLis et Ev. in
several culture media

In each series, isolates tested are, from left to right, as follows: Isolate from Sequoia
gigantea, Japan; C. sequoiae var. juniperi, U. S, A.; isolate from Cupressus arizonica,
Louisiana, U. S. A.; isolate from Chamaecyparis pisifera, U. S. A., isolate from Cupressus
arizonica, South Carolina, U. S. A.; isolate from Cryptomeria japonica, Japan.

A, Potato sucrose solution; B, Malt decoction; C, Czarek’s solution; D, Sairo’s soy
solution
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AFEOHMENL 1910 5, RRRO—ACRIME LTRE, FhL{HeEIBEL, 1921 4
CARITAEMNM, WEFR I OAMOZMICBEYE X, BREARILIEC KT 2R L EELFNRECH
FHhTWbZ LIIFMDLED THS,

ERORFEE L RANCHIFE LR (1913) 12, S Fif L2 T Phyllosticia (Phoma) cryptomeriae
Kawamura &4 Lic, BEGH (1914) 11X OB BT ZOREECO>WTIIINOBERE HFL
TWd, X6 24EE, JLEQIITAKRDIREE L LT Phyllosticta (Phoma) cryptomeriae KaAwaMURA
DD Cercospora cryptomeriae Suiral % BT THEBORE X178 - Ico T D%k MR (1917) (3 Pesta-
lotia shiraiana P. Hennines %, F723E (1923) X Macrophoma sugi Hara % F M FhHIT TERKR
FECEL2NERL LI, 20X, RRORFEHIHEDRD « L LTR—T2L AR REALRE
BLEDTHBA, FHES (1952) ORI X » T, KFEERTHEEIKREE L Cercospora crypto-
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DTHBA, ZORATLOERRGETH & ShTE e, AFEFBABDIC L » TRRIHARRI R
L7efRim 02 v 2 RS EUREES, SR TURIRD ¥ - 1o Ric 2 BB s 5 A B X Tk
RO & Y AR BT 2BEERETH 5100 Thel, TOBEIRIHROBRIE :CRIFT
LD B BIIRIRE Cercospora cryptomeriae Smiral DA F X3 2 EEMIIV » T S S hic,

LZAT, FEEEAFEELD THGCTILREREFEEDX 5V b - w24 7 (Sequoia gigantea) i1
HROLVETIIET L0 & IR T, 1950 £LKR, FMOEMCEB I AV - a4 7
HEIDHHBEORRC Y o TIRIILLLBRZh, BFEEBECLTLRTIBRNER I, TomET
AFOFRRCEBELUT 2 2 LB EShi, TLTZDX 5iBIRERIL Cercospora B S Ix LR
BHbh, BBEERS I OXEEBERBC Y > TEF Vb - £3 4 7OEX A ¥ O K KRB Cercospora
cryptomeriae SHiRAI IZiZv e B Z EAVREED (1958) ik » CIHIEI NI,

JEREREBCIWTHF VY« wad TREHEEINI{ DI Cercospora sequoiae ErLis et EVERHART
(1887) L\WIHEMND B, AFDKWIKRE Cercospora cryptomeriae Suiral (IXBROTET & i+ 5 5>
¥b, C. sequoiae ELuis et Ev. ( Z b TELI THEMHICE ARV Shicyw, Fhig, C. crypto-
merige SuRAT ZHRECEVWTEFHF Vb - a4 72LBTZenb, ZOEIL C. sequoige Eris et
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Ev. LA—D3DTIEH 50 EFED (1958) KX » THEbII,

B W e b k&% ED C.S. Hopces ﬁi@ﬁ%ﬂ:l » T EiLis - EVERHART D X 1 THEX
&1 C. sequoiae ELLis et Ev. DS DOERRSIVEREXAFTIIENTET, ThE AFHFHER
B C. cryptomeriae Surat ¥ EHELEBRHNT5BE0 2 bhic, B, Bt EOEBORA S X UEER
BRic X 2 RREXHE LR, CholERVWThoRECsW T I —&KL, A—HELTRY S
DhERETH D LOMRICEE, ROMOEMNL 5L X+ 5 EVOK /o1, C. sequoige ErLis
et Ev. (1887) DR #HREFRIIILE (1916) 1 X B C. cryptomeriae SHiRAI DFIITSETEDZ & 29 4F, L
Foit o TAXFOFMHFEDZEL L LTiL C. sequoiae ELLis et Ev. #5HT5 O N E Y T, C. cryplo-
meriae SHIRAL (X DRLZL L TRELDTH B,

7ok, AFOFRMFREOTEMRFITMIED 5\ 2l (echinulation) 235 H, ZhifLD Cercospora
BEECIIE > I R DRV ERTH D, ThTHEED (1958) 134 T, &KL Cercospora B &
Heterosporium BOFRIMNEE2HFTHHTH D LIBMH L, TELEEOSEARIS AW S
RTWwig 23, Hueres (1953) OHRIB LicqH 4 THREOWE S X U5 ERT OMBHMERIC X 5 8L L
Tedis T, T TIEERE%Y Cercospora BIZIEDTHEL D, ZORCELTUIEILEEAOREICEDE
ERR LTV,

AF DFRMEFRE Cercospore sequoiae ErLis et Ev. (=C. cryptomeriae Suirar) 373 Z it BRE
EDOL Db, HBEVEEIAE,ILBAIRLLDTHBHIEY (epidemiology) EH%KH B B
BChs, BB LD LOVETHERCE - TAFHEFT TCOREL E 1R EHDIED &5,
ZHEBEHEGEDOZ L2 LTL B TR 16 it IS ER R IBRIC X 5 2 FH ORI
SR Fibhi, BRRROTRLV L LR Bl Thikd, KROBWHELELONATEIE
CRGCHE RV, BREFI O WEVRRICERN O L LORETIEAFHEITE LA E2ROBEY
S TT, ThRL . Y ERKRLEEIKTHEVYEDOA L TE, LD TRERCIED T\
ThHsH5 EBbhDY, FROFPELEEIhBRBIRSONAL L, T, RROREESAFRRER
D OEECE - o L BT IR B D & - 7o by,

bAE CHEYRECET A EEARMA I hi0i 1914 £T, FhUITEEL OHREOBRALH
Bmeffibhizb L, 2o LHVHRICHER I CHBORTCHARBOERIEFELTVEHZ L
POBEFGREEIR D, AFORMRIOLIE CRICHEC L - DX V0 EZALDZ L TH DD D,
ZRUANCEUANEL SEBOBHANLAECHED  Ehlebiiv i,

HEDZ L2360 bHT, Cercospora sequoiae ErLis et Ev. (=C. cryptomeriae Suirar) i3tk E&%
Eh DEA SNICHERE, BELLFES VL - a4 THRBELTHOEECRA, chhbAFHIT
B URMERRREEC - I LB Ih 2BENH B, bbb, 40 Lo ULThE BEARCIENRT
BLLIXBEALE S IeSRAEET, BB OBEY—SHLHiRW0TH B2, FEDL (1958) ©Z DK
HEOWT, REHCHEL SERPIRCEEL, HOIUMBRE LA - glf BEHROBREL,IOT
XTI ERFTLTEHL,
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